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FIG.5
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FIG.9
CHANGE OF CHROMATICITY COORDINATE VALUES
(MEASURED VALUES)
LUMINOUS X y
INTENSITY |
W100 0.3306 0.2928
W90 0.3306. 0.2909
W80 0.3317 0.2921
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W50 0.3338 0.2947
W40 0.3369 0.2979
W30 0.3372 0.3015
W20 0.3498 0.2943
W10 0.3401 0.2943
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FIG.11
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IMAGE PROCESSING TYPE OF MEASURING
DEVICE, LIGHTING SYSTEM FOR THE SAME,
LIGHTING SYSTEM CONTROL METHOD,
LIGHTING SYSTEM CONTROL PROGRAM, AND
A RECORDING MEDIUM WITH THE LIGHTING
SYSTEM CONTROL PROGRAM RECORDED
THEREIN

[0001] This is a Division of application Ser. No. 10/383,
647 filed Mar. 10, 2003. The entire disclosure of the prior
application is hereby incorporated by reference herein in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an image process-
ing type of measuring device used for measuring the size or
form of an object to be measured from an image of the
measured object obtained with an optical system, a lighting
system or the measuring device, a method of controlling the
lighting system, a control program for the lighting system,
and a recording medium with the lighting system control
program recorded therein. More specifically the present
invention relates to a lighting system or lighting control for
an image processing type of measuring device capable of
stabilizing luminous intensity or chromaticity of light irra-
diated to an object to be measured.

[0004] 2. Description of the Related Art

[0005] There has been used an image processing type of
measuring device capable of optically magnifying a mea-
sured portion of an object to be measured with a magnifying
optical system and measuring the size or form of the
objected to be measured from the magnified image. The
image processing type of measuring device as described
above includes, for instance, a microscope, a projector, and
a three-dimensional image measuring device. In the image
processing type of measuring device, lighting to an object to
be measured plays an extremely important role for obtaining
an image of the measured object.

[0006] As a lighting system for the image processing type
of measuring device as described above, there have been
known, in addition to the vertical incident-light system in
which light is irradiated from a point substantially just above
an object to be measured to the measured object, the
diagonal incident-light system in which light is irradiated to
an object to be measured from a point positioned in a
direction inclined at a prespecified angle against an optical
axis of the image pick-up optical system, the translucent
lighting system in which light for illumination is irradiated
from a point substantially just below an object to be mea-
sured to the measured object.

[0007] Recently a LED (Light Emitting Diode) is used as
a luminescent light source for the lighting systems as
described above. In the LEDs, generally the light intensity
and chromaticity largely vary due to such factors as errors
generated during the production process at the manufacture.
To overcome this problem, LEDs are ranked to several types
according to the light intensity and chromaticity for sale on
the market (See FIG. 11).

[0008] The purchasers are required, however, to specify
the ranks of the LEDs before purchase, which causes
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increase of the cost, and even if a purchaser buys LEDs
specifying the rank before purchase, there still remains the
variance of product quality within the rank, which may quite
negatively affect the image processing type of measuring
device. For instance, if light intensity varies from a piece of
LED to another piece of LED, reliable compatibility of the
part program among image processing type of measuring
devices is lost.

[0009] Further, when red, green, and blue lights emitted
from the respective LEDs are mixed and the synthesized
light is irradiated to an object to be measured, if luminous
intensity of the synthesized light is changed, sometimes the
same chromaticity can not be reproduced.

[0010] When it is required to control light intensity of an
LED, generally intensity of the emitted light, namely lumi-
nous intensity of lighting is controlled by changing an
impressed current (forward current) through the LED chip.
However, as the light intensity characteristics of each LED
is non-linear against changes of the current (See FIG. 12),
for instance, when current values for LEDs emitting lights
with different colors respectively are changed at an equal
pitch, a percentage of each color in the synthesized light
varies, so that the specific chromaticity of the synthesized
light can not be reproduced stably. This change in the
chromaticity is magnified by aberration of the optical ele-
ment, which in turn degrades the accuracy in measurement.

[0011] To describe in further detail, the image processing
type of measuring device comprises, for instance, a lighting
system for irradiating light to an object to be measured, a
light-receiving sensor for receiving the reflected light from
the measured object, and an image processor for obtaining
a form of the measured object from an image received by the
light-receiving sensor. The lighting system comprises, for
instance, a plurality of luminescent light sources (LEDs)
capable of emitting lights with different colors respectively,
an impressed current control section for controlling an
impressed current to each of the luminescent light sources
for light emission, and an instruction value input device
which can be operated from the outside for setting therein
the luminous intensity of lighting as an instruction value.

[0012] The chromaticity coordinates (x, y) for light emis-
sion is previously specified for each LED as a luminescent
light source for light with a specific color, and therefore for
synthesizing light with a specified synthesized color, for
instance, white color light with the CIE 1931 chromaticity
coordinates (0.3, 0.3), the mixing ratio of lights emitted from
the LEDs for element colors (rg, rg, I'y) is computed. Then
the intensity of light emitted from each LED corresponding
to the luminous intensity L instructed by the instruction
value input device is decided as shown below respectively.
In the following equations, L indicates the luminous inten-
sity of the LED emitting light with red, L indicates the
luminous intensity of the LED emitting light with green, and
Ly, indicates the luminous intensity of the LED emitting light
with blue.

Lyg=rgL
Lo=rsL
Lyg=rglL
[0013] Then values for impressed currents required to

make the LEDs emit lights according to the specified
luminous intensities of Ly, Lg, and Ly respectively are
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computed. The impressed current control section impresses
currents to the LEDs according to the instruction values.

[0014] In the configuration as described above, a user
instructs the luminous intensity [ for lighting with the
instruction value input device. Then the impressed current
control section allows impression of the specified impressed
currents to the luminescent light sources so that synthesized
light having a specified chromaticity such as, for instance, a
white color will be synthesized and irradiated according to
the instructed luminous intensity. When the specified cur-
rents are impressed to the LEDs, the luminescent light
sources for light emission emit lights according to the
specified luminous intensities (L, L5, Ly), and white light
is irradiated to an object to be measured according to the
instructed luminous intensity The reflected light from the
measured object is received by the light-receiving sensor,
and such parameters as the form or size of the measured
objected are measured by, for instance, detecting edges of
the measured object from the received image.

[0015] In measurement of an image, the luminous inten-
sity and chromaticity of light irradiated to an object to be
measured is very important. For instance, when the actual
luminous intensity for lighting is lower as compared to the
specified one, the amount of light is insufficient and an
image can not be obtained, or edge detection can not be
performed. When the actual luminous intensity for lighting
is higher as compared to the specified one, the light is
saturated, so that the image is blur (or partially lacked) and
edge detection can not be performed also in this case.

[0016] Further, when chromaticity of lighting includes
aberration caused by the white light, as an image of a colored
objected to be measured can not be picked up accurately,
edge detection can not be performed also in this case.
Namely, control of impressed currents to a red LED, a green
LED, and a blue LED to accurately control the luminous
intensity and chromaticity for synthesized lighting is
extremely important for precise measurement.

[0017] As each LED has the individual difference (vari-
ance), also the luminous intensity of each discrete diode
disadvantageously varies even if the current having the same
rated value is impressed thereto. FIG. 26A, FIG. 26B and
FIG. 27 show the relations between impressed current
values and the luminous intensities when a red LED, a green
LED, and a blue LED are made to emit lights with respective
colors in each lighting system. For instance, in the luminous
intensity characteristics of the red LED shown in FIG. 26A,
when an impressed current becomes larger, also the lumi-
nous intensity becomes higher in all devices, but as under-
stood from the comparison between the device 1 and the
device 4, a difference in the luminous intensity substantially
varies in a device to which a current with a higher value is
impressed. This is true also for the green LED shown in
FIG. 26B and the blue LED shown in FIG. 27. Namely an
impressed current value required to make each LED emit
light at a specified luminous intensity value from an LED to
an LED, so that, even if the luminous intensity is instructed,
a value of an impressed current from for each discrete LED
can not easily be decided.

[0018] When a current is impressed according to an
instructed value for the impressed current, the luminous
intensity of each LED may be off from the desired value,
which may in turn result in intensity of synthesized light off
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from the instructed value. If luminous intensity of each LED
is off from the instructed one, then also the chromaticity of
the synthesized light is disadvantageously off from the
desired one.

[0019] Further the chromaticity of light emitted from each
LED includes the individual difference, and in addition the
chromaticity changes in correlation to a change in intensity
of the emitted light. FIG. 28, FIG. 29A, FIG. 29B, FIG.
30A, and FIG. 30B show the correlations between the
luminous intensity and the chromaticity when a red LED, a
green LED, and a blue LED are made to emit light respec-
tively.

[0020] For instance, the x coordinate for the chromaticity
of'ablue LED in each lighting system is shown in FIG. 30A.
This figure shows how a chromaticity coordinates changes
in response to changes in luminous intensity. Further this
figure shows that the chromaticity is different in each
lighting system. It is understood from FIG. 28, FIG. 29A,
and FIG. 29B that the same is true for a red LED and a green
LED.

[0021] In other words, as the chromaticity of light emitted
from each LED is different, if a mixing ratio of each light for
generating synthesizing light is fixed according to a char-
acteristic, the chromaticity of synthesized light is disadvan-
tageously different from the instructed one.

[0022] When the intensity of light emitted from each LED
is adjusted, taking into considerations the difference of
luminous intensity characteristics of each discrete LED, for
changing a value of the current impressed to the LED to
achieve the desired luminous intensity with synthesized
light, it is possible to achieve the accurate luminous inten-
sity. In this case, however, if the luminous intensity is
changed, also the chromaticity changes, and therefore there
occurs the problem that the chromaticity of synthesized light
is off from the desired value.

[0023] On the contrary, even if a color mixing ratio of
lights emitted from the LEDs is decided by paying attention
to the chromaticity for realizing the desired chromaticity for
lighting with synthesized light, the chromaticity of light
emitted from of each diode is different, and further the
chromaticity of emitted light changes in correlation to the
luminous intensity, so that the chromaticity of a LED can not
be decided unitarily and a mixing ratio for achieving the
desired chromaticity can not simply be decided.

SUMMARY OF THE INVENTION

[0024] One of the objects of the present invention is to
provide a lighting system for an image processing type of
measuring device capable of overcoming the above-de-
scribed problems in the conventional technology and real-
izing stable lighting in terms of such parameters as luminous
intensity and chromaticity.

[0025] The present invention provides a lighting system
for an image processing type of measuring device having an
optical system for lighting including a luminescent light
source and irradiating light from this optical system for
lighting to an object to be measured to measure the size,
form or other parameters of the measured object from an
obtained image of the measured object, the lighting system
comprising a storage unit for storing data concerning a
relation between the luminous intensity obtained with the
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optical system for lighting and a current flown to the
luminescent light source, and a control unit for controlling
aimpressed current flown to the luminescent light sources so
that the luminous intensity obtained with the optical system
for lighting satisfies a preset value.

[0026] With this configuration, as data concerning the
relation between the luminous intensity obtained with the
optical system for lighting and a current flown to the
luminescent light source is stored in the storage unit, the
luminous intensity obtained with the optical system, namely
the luminous intensity of light irradiated to an object to be
measured can be controlled so that the preset value is
satisfied by controlling the current flown to the luminescent
light source based on the data concerning the relation
between the luminous intensity and the current value stored
in this storage unit. Therefore negative influence by variance
in intensity of light emitted from the luminescent light
source can be suppressed and lighting can be performed with
stable luminous intensity, and further compatibility of a part
program between image processing types of measuring
devices is insured.

[0027] In the lighting system according to the present
invention, the luminescent light source for the optical sys-
tem for lighting comprises LEDs, and a plurality of instruc-
tions for the relation between the luminous intensity
obtained with the optical system for lighting and a impressed
current flown to each of the LEDs should preferably be
stored in the storage unit as different references for luminous
intensity.

[0028] With the configuration, in addition to the basic
effects provided by the present invention as described above,
lighting can be realized with stable luminous intensity, even
if LEDs in lower ranks sold by manufacturers in the market
are purchased.

[0029] In the lighting system according to the present
invention, a luminescent light source of said optical system
for lighting comprises LEDs emitting light with red, green,
and blue colors respectively, and a plurality of data sets
concerning the relations between the luminous intensity
obtained with the optical system for lighting when an LED
is lit and a impressed current flown to the LED preferably
are set for each LED as references for different luminous
intensities.

[0030] With this configuration, LEDs emitting lights with
red, green, and blue colors respectively are provided as
luminescent light sources for the optical system for lighting,
so that a color of the light irradiated to an object to be
measured can freely be changed by selecting an LED
corresponding to the required color. Therefore, the lighting
system can respond to versatility of objects to be measured,
and can accurately record images of the objects to be
measured.

[0031] Further, a plurality of data sets concerning the
relations between the luminous intensity obtained with the
optical system for lighting when an LED is lit and a
impressed current flown to the LED are set for each LED as
references for different luminous intensities, so that, even if
measurement is performed by irradiating light with any
color to an object to be measured, lighting can be realized
with stable luminous intensity.

[0032] In the lighting system according to the present
invention, said luminescent light source for the optical
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system for lighting comprises LEDs emitting lights with red,
green, and blue colors respectively, and the storing unit
preferably stores therein a plurality of data sets for flowing
a current to each LED so that a mixing ratio of lights emitted
from the LEDs is kept at a constant value as references for
luminous intensities of synthesized light.

[0033] With this configuration, in addition to the effect
described in the paragraph above, there is provided the effect
that any color can be realized by synthesizing lights emitted
from the LEDs each emitting light with one of the three
colors (red, green, and blue).

[0034] In addition, as the storing unit stored therein a
plurality of data sets for flowing a current to each LED so
that a mixing ratio of intensity of lights emitted from the
LEDs is kept at a constant value as references for luminous
intensities of synthesized light, even if luminous intensity of
light with the synthesized color is changed, the mixing ratio
of lights emitted from the LEDs is kept at a constant value,
so that the same chromaticity can always be obtained.

[0035] In the lighting system according to the present
invention, the storing unit preferably stores therein a plu-
rality of data sets for flowing a current to each LED so that
a mixing ratio of lights emitted from the LEDs is kept at a
constant value for obtaining synthesized white color from
the red, green, and blue lights as references for luminous
intensities of synthesized white light.

[0036] With this configuration, synthesized white light can
be realized by synthesizing light with lights emitted from the
LEDs each emitting light with any of the three colors, and
even if luminous intensity of the synthesized white light is
changed, a mixing ratio of lights emitted from the LEDs is
kept at a constant value, so that synthesized white light with
the same chromaticity can always be obtained.

[0037] Another object of the present invention is to pro-
vide, for solving the problems in the conventional technol-
ogy as described above, a lighting system control method, a
lighting system control program, a recording medium with
the lighting system control program recorded therein, a
lighting system, and a measuring device enabling synthe-
sized lighting with preset luminous intensity as well as
preset chromaticity.

[0038] The present invention provides a lighting system
control method of controlling a lighting system comprising
a plurality of luminescent light sources emitting lights with
different colors respectively, an impressed current control
mean for controlling impressed currents to the plurality of
luminescent light sources, and an input device for inputting
instruction values to instruct the luminous intensity for the
purpose to generate synthesized lighting with the luminous
intensity and preset chromaticity instructed by the instruc-
tion values by synthesizing lights emitted from the lumi-
nescent light sources, and the method comprises a light
source characteristics measuring step of measuring the
intensity and chromaticity in relation to a value of the
current impressed to each of the plurality of luminescent
light sources; a mixing ratio computing step of computing a
mixing ratio of intensities of lights emitted from said plu-
rality of luminescent light sources required for synthesizing
synthesized lighting with the luminous intensity instructed
by the instruction values and the preset chromaticity with the
theoretical equation for computing a mixing ratio of inten-
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sities of the lights required for synthesizing a synthesized
color with the present chromaticity from a plurality of lights
each with the different chromaticity in response to changes
in the chromaticity corresponding to changes in luminous
intensities of the luminescent light sources measured in the
light source characteristics measuring step; a luminous
intensity computing step of computing the luminous inten-
sities of the plurality of luminescent light sources for gen-
erating the luminous intensity instructed by the instructed
value from the mixing ratio computed in the mixing ratio
computing step; and an impressed current value read-out
step of reading the impressed current values required to
make the plurality of luminescent light sources emit lights
with the luminous intensities computed in the luminous
intensity computing step from the characteristics of the
plurality of luminescent light sources obtained in the lumi-
nescent light source characteristics measuring step.

[0039] With the configuration described above, a synthe-
sized color having the instructed chromaticity can be pro-
duced at the instructed luminous intensity by synthesizing
lights with different colors respectively.

[0040] In the light source characteristics measuring step,
relations between an impressed current value and luminous
intensity or chromaticity is checked by changing the
impressed current value for each of the luminescent light
sources. Namely, as the luminescent light sources are dif-
ferent from each other in the quality, also the luminous
intensity and chromaticity of lights emitted the luminescent
light sources are different from each other even if the same
current is impressed to each of the luminescent light sources.
Further, even if a mixing ratio of lights having different
colors respectively is kept constant, when checked strictly,
sometimes changes in chromaticity may appear when the
luminous intensity changes. Although these changes do not
become a problem in the general measurement as which
strictness is not required, an additional adjustment against
the changes is needed in the measurement as which strict-
ness is required. To satisfy this requirement, it is required to
check characteristics of each discrete luminescent light
source.

[0041] In the mixing ratio computing step, the character-
istics of each discrete luminescent light source is taken into
considerations when a mixing ratio of lights emitted from
the luminescent light sources required for producing a
synthesized color with the present chromaticity at the
instructed luminous intensity, namely a mixing ratio of
intensities of the lights emitted from the luminescent light
sources is computed. When further strict accuracy is
required, if the luminous intensity changes, also the chro-
maticity may change, and therefore the mixing ratio is
computed by sequentially checking whether the preset chro-
maticity can be synthesized or not with the theoretical
equation.

[0042] Further luminous intensity required for each of the
luminescent light sources is computed from the mixing ratio
computed in the step above to obtain a required impressed
current value for making each of the luminescent light
sources emit light at the luminous intensity. When a current
is impressed to each luminescent light source according to
the impressed current value, synthesized light with the
present chromaticity can be produced at the instructed
luminous intensity.
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[0043] In the lighting system control method according to
the present invention, the mixing ratio computing step
preferably comprises a first temporary mixing ratio setting
step for initially setting a first temporary mixing ratio based
on preset percentages as the mixing ratio; a temporary
luminous intensity computing step of computing each lumi-
nous intensity of each of the luminescent light source
required for generating the luminous intensity instructed by
the instruction value based on the first temporary mixing
ratio; a chromaticity read-out step of reading the chroma-
ticity of light emitted from each of the luminescent light
sources at the luminous intensity of each of the luminescent
light source computed in the temporary luminous intensity
computing step from a result of measurement in the light
source characteristics measuring step; a second temporary
mixing ratio setting step of computing, based on the theo-
retical equation, a mixing ratio of intensities of lights
emitted from the luminescent light sources required to
generate the preset chromaticity for synthesized lighting at
the chromaticity read-out in the chromaticity read-out step
as a second temporary mixing ratio; a temporary mixing
ratio comparing step of comparing the first temporary mix-
ing ratio to the second temporary mixing ratio; and a
temporary mixing ratio resetting step of resetting the second
temporary mixing ratio as the first temporary mixing ratio
anew based on a result of comparison in the temporary
mixing ratio comparing step.

[0044] With the configuration described above, initially a
first temporary mixing ratio is set, and luminous intensity for
each of the luminescent light sources for synthesizing lumi-
nous intensity instructed according to this first temporary
mixing ratio is computed. When each of the luminescent
light sources is caused to emit light at this luminous inten-
sity, although the luminous intensity of the synthesized color
follows the instruction, the chromaticity does not always
satisfy the preset value. To overcome this problem, chro-
maticity corresponding to the luminous intensity of each of
the luminescent light sources is read out from the charac-
teristics of each of the luminescent light sources. Then, with
the theory for color synthesis, a second mixing ratio for
synthesizing the preset chromaticity at this chromaticity is
computed as a second mixing ratio. If the chromaticity is
kept constant even when the luminous intensity changes, it
is expected that the synthesized color can be synthesized at
the preset chromaticity by following the mixing ratio
obtained with this theory for color synthesis, but as also the
chromaticity changes in response to change in the luminous
intensity, and therefore it can be considered that the present
chromaticity can not be achieved by following the second
temporary mixing ratio when the second temporary mixing
ratio is largely off from the first temporary mixing ratio.

[0045] To overcome this problem, when the difference
between the two temporary mixing ratios is larger than the
allowable limit, the second temporary mixing ratio is
adjusted again to get it closer to the first temporary mixing
ratio by comparing the first and second temporary ratios to
each other. This computing is repeated until the difference
between the two temporary mixing ratios is within the
allowable range.

[0046] As described above, by repeating the computing
based on the theory for color synthesis, taking into consid-
erations of the characteristics of each luminescent light
source, until a result of the computing is within the allow-
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able range, a mixing ratio for producing a synthesized color
having the preset chromaticity at the instructed luminous
intensity can be computed irrespective of the non-linear
change in chromaticity caused by change in the luminous
intensity, and further a difference between a theoretical value
obtained through the theory for color synthesis and the
actual color can be adjusted to a value within the allowable
range.

[0047] The lighting system control method according to
the present invention comprises an average chromaticity
computing step of computing an average value for the
chromaticity of lights emitted from the luminescent light
sources, the step performed after the light source character-
istics measuring step; and a representative mixing ratio
computing step of computing a mixing ratio of lights emitted
from said luminescent light sources required for generating
the preset chromaticity of the synthesized lighting based on
the average chromaticity computed in the average chroma-
ticity computing step and through the theoretical equation as
a representative mixing ratio, and the first mixing ratio in the
first temporary mixing ratio setting step is preferably the
representative mixing ratio.

[0048] With the configuration described above, an average
value of the chromaticity of lights emitted from the lumi-
nescent light sources is computed for each of the lumines-
cent light sources, and a mixing ratio for producing the
preset chromaticity is computed with the average value for
the chromaticity and through the theory for color synthesis.
Then this representative mixing ratio is initially set as the
first temporary mixing ratio.

[0049] Computing based on the theory for color synthesis
is repeated until the difference between the first temporary
mixing ratio and the second temporary mixing ratio is within
the allowable range, and it is needless to say that the first
temporary mixing ratio and the second temporary mixing
ratio should preferably be closer values as much as possible
to each other. Therefore, rather than by using approximate
intensity percentages for deciding the first temporary mixing
ratio, by using the representative mixing ratio computed
based on the average value for the chromaticity, the allow-
able value can be achieved and the computing can be
finished more quickly.

[0050] The lighting system control method according to
the present invention comprises a verifying step of actually
verifying the impressed current value read out in the
impressed current value read-out step; and a correcting step
of correcting said impressed current value based on a result
of verification in the verifying step. Further the verifying
step comprises a verifying/measuring step for impressing an
impressed current to each of the luminescent light sources
according to the impressed current value read out in the
impressed current value read-out step and measuring the
chromaticity of synthesized lighting lit then; a verifying/
comparing step of comparing the chromaticity measured in
the verifying/measuring step to the target preset chromatic-
ity; and a chromaticity correction rate storing step of storing
the difference between the chromaticity measured based on
a result of comparison in said verifying/comparing step and
the target preset chromaticity as a chromaticity correction
rate; and further the correcting section preferably comprises
a step of computing the mixing ratio by displacing the target
preset chromaticity according to the chromaticity correction
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rate when computing the mixing ratio through the theoretical
equation in the mixing ratio computing step.

[0051] With the configuration described above, although
there is a difference between a result of theoretical comput-
ing and the actual value, a synthesized color having the
preset chromaticity can accurately be synthesized at the
actually instructed luminous intensity.

[0052] A synthesized color is synthesized according to an
impressed current value theoretically computed, and chro-
maticity of this synthesized color is actually measured. Then
a difference between the targeted preset chromaticity and the
actual one is computed as a chromaticity correction rate.
When the theory for color synthesis is applied, by taking into
considerations the chromaticity correction rate for setting a
target value for computing, the difference between the
theory and reality can be eliminated to match chromaticity
of the actually synthesized color to the targeted preset one.

[0053] The lighting system control method according to
the present invention preferably comprises an instruction
value/current value table storing step of storing said
impressed current value and the instruction value in a form
of a table with the impressed current and said instruction
value correlated to each other.

[0054] With the configuration as described above, as a
table with data concerning relations between an instruction
value and an impressed current value recorded therein is
prepared, when luminous intensity is instructed with an
instruction value, synthesized lighting with a desired color
can easily be performed only by reading the impressed
current value from the table. Further, even if various levels
of chromaticity are required, lighting with a desired synthe-
sized color can easily be performed by storing the relations
between the various instruction values each indicating chro-
maticity and impressed current values correlated to each
other.

[0055] In the lighting system control method according to
the present invention, the luminescent light source prefer-
ably comprises LEDs (light emitting diode).

[0056] With the configuration described above, a current
may be reduced for light emission, so that power consump-
tion in the lighting system can be reduced.

[0057] Further each of the luminescent light sources com-
prised LEDs emitting lights with red, green, and blue colors
respectively. By mixing the red, green, and blue colors, any
color can be synthesized. There may additionally be pro-
vided other LEDs emitting lights with other colors such as
yellow, purple, and glue green.

[0058] The lighting system control program according to
the present invention is used in a computer incorporated in
a lighting system having a plurality of luminescent light
sources each emitting light with a different color, an
impressed current control unit for generating synthesized
lighting with the preset luminous intensity and chromaticity
by synthesizing lights from the luminescent light sources by
means of controlling an impressed current to each of the
luminescent light sources, and an input device for inputting
an instruction value for instructing luminous intensity of
lighting, and the lighting system control program making the
computer execute a light source characteristics measuring
step of measuring luminous intensity and chromaticity in
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correlation to the impressed current value for each of the
luminescent light sources; a mixing ratio computing step of
computing a mixing ratio of intensities of lights emitted
from the luminescent light sources required for synthesizing
synthesized lighting with the preset chromaticity at the
luminous intensity instructed by the instruction value
through the theoretic equation for computing changes in
chromaticity in response to changes in luminous intensity of
each of the luminescent light sources measured in the light
source characteristics measuring step and a mixing ratio of
intensities of lights with different colors required for syn-
thesizing a synthesized color at the preset chromaticity from
colors each at different chromaticity; a luminous intensity
computing step of computing luminous intensity of each of
the luminescent light sources required for generating the
luminous intensity instructed by the instruction value from
the mixing ratio computed in the mixing ratio computing
step; and an impressed current value read-out step of reading
the impressed current value required for making each of the
luminescent light sources at the luminous intensity com-
puted in the luminous intensity computing step from the
characteristics of the luminescent light sources obtained in
the light source characteristics measuring step.

[0059] The recording medium according to the present
invention stores therein the lighting system control program
described above.

[0060] With the configuration as described above, the
same operational effects as those provided by the lighting
system control method according to the present invention
can be achieved. Further by incorporating a computer hav-
ing a CPU (Central Processing Unit) or a memory (storage
device) and compiling a program to make the computer
execute each of the steps described above, it is possible to
easily change parameters in each step. Further it is possible
to directly set a recording medium with the program
recorded therein in the computer for installation, or to
connect a reader for reading out information stored in the
recording medium as an external application to the computer
and to install the program from this reader in the computer.
Further the program may be supplied through a communi-
cation line or a radio communication line such as the
Internet, a LAN cable, or a telephone line for installation.

[0061] The present invention provides a lighting system
comprising luminescent light sources each for emitting light
with a different color, an impressed current control unit for
controlling an impressed current to the luminescent light
sources, and an input device for inputting an instruction
value for instructing luminous intensity of lighting, the
lighting system generating synthesized lighting with the
preset luminous intensity and chromaticity by synthesizing
lights emitted from the luminescent light sources, and in this
lighting system, the impressed current control unit com-
prises a light source characteristics measuring device for
measuring and storing data concerning luminous intensity
and chromaticity in response to the impressed current value
for each of the luminescent light sources; a mixing ratio
computing device for computing a mixing ratio of intensities
of lights emitted from the luminescent light sources required
for synthesizing synthesized lighting with the preset chro-
maticity at the luminous intensity instructed by the instruc-
tion value through the theoretical equation for computing
changes in chromaticity in response to changes in luminous
intensities of the luminescent light sources measured in the
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light source characteristics measuring device and a mixing
ratio of intensities of lights with different colors required for
synthesizing a synthesized color with the preset chromaticity
from a plurality of colors each with different chromaticity;
a luminous intensity computing device for computing lumi-
nous intensity of each of the luminescent light sources for
generating the luminous intensity instructed by the instruc-
tion value from the mixing ratio computed by the mixing
ratio computing device; an impressed current reader for
reading the impressed current value for making each of the
luminescent light sources emit light with the luminous
intensity computed by the luminous intensity computing
device; and an instruction value/current value table storing
unit for storing an instruction value/current value table in
which the impressed current value read by the impressed
current reader is correlated to the instruction value.

[0062] With the configuration as described above, the
same effects as those provided by the lighting system control
method according to the present invention described above
can be achieved.

[0063] A measuring device according to the present inven-
tion comprises the lighting system for irradiating light to an
object to be measured; a light-receiving sensor for receiving
reflected light from the measured light; and an image
processing unit for obtaining the form of the measured
objected from the image received by the light-receiving
sensor by means of image processing.

[0064] With the configuration as described above, as light
with the preset chromaticity is irradiated at the instructed
luminous intensity from the lighting system to an object to
be measured, an accurate image of the measured object can
be obtained by the light-receiving sensor. Therefore the
accurate form of the measured object can be obtained by
processing the image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065] FIG. 1 is a front view showing an image process-
ing type of measuring device according to a first embodi-
ment of the present invention;

[0066] FIG. 2 is a cross-sectional view showing an optical
system portion in the embodiment above;

[0067] FIG. 3 is a cross-sectional view showing a lighting
system according to the embodiment;

[0068] FIG. 4 is a block diagram showing the image
processing type of measuring device according to the
embodiment;

[0069] FIG. 5 is a view showing a lighting control table
for each discrete LED in the embodiment;

[0070] FIG. 6 is a view showing a lighting control table
for synthesized color lighting in the embodiment;

[0071] FIG. 7 is a view showing a system configuration
when the lighting control table for each discrete LED and the
lighting control table for synthesized color lighting are
prepared;

[0072] FIG. 8 is a view showing another example of the
table obtained in the system shown in FIG. 7;

[0073] FIG. 9 is a view showing a result of measurement
of chromaticity coordinates values when luminous intensity
is changed by using the date shown in FIG. 6;
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[0074] FIG. 10 is a view showing another example of the
optical system for lighting according to the embodiment
above;

[0075] FIG. 11 is a view showing an example of the light
intensity ranking and the chromaticity ranking for LEDs;

[0076] FIG. 12 is a view showing the relation between an
impressed current flown to an LED and the relative intensity
of light emitted then;

[0077] FIG. 13 is a view showing an image processing
type of measuring device according to a second embodiment
of the present invention;

[0078] FIG. 14 is a view showing configuration of a
lighting control unit according to the second embodiment of
the present invention above;

[0079] FIG. 15 is a view showing an instruction value/
current value table used in the second embodiment above;

[0080] FIG. 16 is a flow chart showing an instruction
value/current value table preparing step of preparing the
instruction value/current value table shown in FIG. 15;

[0081] FIG. 17A is aview showing a control curb used for
setting a relation between an instruction value and luminous
intensity in the second embodiment, while FIG. 17B is a
view showing a table in which the instruction values are
correlated to luminous intensities;

[0082] FIG. 18 is a flow chart showing a fundamental data
preparing step in the second embodiment;

[0083] FIG. 19 is a view showing characteristics of each
of the luminescent light source groups in relation to an
impressed current value in the second embodiment above;

[0084] FIG. 20 is a flow chart showing the instruction
value/current temporary value table preparing step in the
second embodiment;

[0085] FIG. 21 is a flow chart showing a mixing ratio
computing step in the second embodiment;

[0086] FIG. 22 is a flow chart showing a verifying step in
the second embodiment;

[0087] FIGS. 23A and 23B are views showing a differ-
ence between a theoretical value and an actual value in the
second embodiment;

[0088] FIG. 24 is a flow chart showing a correcting step
in the second embodiment;

[0089] FIGS. 25A and 25B are views showing luminous
intensity and chromaticity in synthesized lighting after cor-
rection in the second embodiment;

[0090] FIG. 26A is a view showing the relation between
an impressed current value and luminous intensity in a group
of LEDs each emitting light with red for each lighting
system based on the conventional technology, while FIG.
26B is a view showing the relation between an impressed
current value and luminous intensity in a group of LEDs
each emitting light with green for each lighting system based
on the conventional technology;

[0091] FIG. 27 is a view showing the relation between an
impressed current value and luminous intensity in a group of
LEDs each emitting light with blue for each lighting system
based on the conventional technology;
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[0092] FIG. 28A and FIG. 28B are views showing the
relations between luminous intensity and chromaticity in a
group of LEDs each emitting light with red for each lighting
system based on the conventional technology respectively;

[0093] FIG. 29A and FIG. 29B are views showing the
relations between luminous intensity and chromaticity in a
group of LEDs each emitting light with green for each
lighting system based on the conventional technology
respectively; and

[0094] FIG. 30A and FIG. 30B are views showing the
relations between luminous intensity and chromaticity in a
group of LEDs each emitting light with blue for each
lighting system based on the conventional technology
respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0095] Preferred embodiments of the lighting system for
an image processing type of measuring device according to
the present invention are described in detail below with
reference to the attached drawings.

[0096] FIG. 1 is a front view showing an image process-
ing type of measuring device according to a first embodi-
ment of the present invention. This image processing type of
measuring device comprises a basic body 1 of the measuring
device, a stage 2 provided for placing an object to be
measured thereon on the basic body 1 of the measuring
device so that it can freely move forward/backward as well
as in the sideward directions; and an optical system unit 3
provided on the basic body 1 of the measuring device so that
it can move in the vertical direction against the stage 2, and
measures the size or form of an object to be measured from
an image of the measured object obtained with the optical
system unit 3.

[0097] The optical system unit 3 has a housing 11 as
shown in FIG. 2. Provided in a cylindrical section 11A on
the bottom surface of the housing 11 is an objective (object
lens) 13 via an objective holder 12 provided displaceable in
the direction along the optical axis [.1 (in the vertical
direction in FIG. 1). An actuator 14 as a drive mechanism
for moving the objective holder 12 in the direction along the
optical axis L1 is provided between the cylindrical section
11A and the objective holder 12. The actuator 14 comprises
a magnet 15 fixed to the cylindrical section 11A and a coil
16 fixed to the objective holder 12.

[0098] A CCD (Charge Coupled Device) camera 17 and a
light inlet tube 18 are mounted on a top surface of the
housing 11 respectively. The CCD camera 17 is located on
the optical axis L1 of the objective 13, and comprises an
optical system for observation capable of monitoring an
object to be measured based on the light irradiated from the
objective 13. It should be noted that a CMOS (Complemen-
tary Metal Oxide Semiconductor) camera, a photoelectric
transfer element or an image pick-up element based on other
principles or on other structures may be used in place of the
CCD camera 17.

[0099] Provided in the housing 11 are a mirror 21 reflect-
ing light irradiated from an optical system for lighting 31
connected via an optical fiber or the like to the light inlet
tube 18 at right angles in the direction along the optical axis
L1, a beam splitter 22 reflecting the reflected light from the
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mirror 21 in the direction along the optical axis L1 to the
objective 13, and a lens 23 provided between the beam
splitter 22 and the CCD camera 17.

[0100] The optical system for lighting 31 comprises a
housing 32 as shown in FIG. 3. Provided inside the housing
32 are LEDs 33R, 33G, 33B as luminous light sources
emitting lights with red, green, and blue color respectively.
The LEDs 33R, 33G, 33B each may be a discrete unit, or
may be a unitized one comprising a plurality of elements. A
beam splitter 35, a lens 36, and a beam splitter 37 are
provided sequentially in this order on the optical axis [.2 of
the LED 33G Light from the LED 33B is introduced into the
beam splitter 35 from a direction normal to the optical axis
L2. Light from the LED 33R is introduced into the beam
splitter 37 via a mirror 40 and a lens 41 from a direction
normal to the optical axis [.2.

[0101] FIG. 4 is a block diagram showing a control unit
for an image processing type of measuring device according
to this embodiment of the present invention.

[0102] The control unit comprises a CPU 51 as a control
unit. Connected to the CPU 51 are a CRT 53 via a display
control section 52, and LEDs 33R, 33G, and 33B via LED
drivers 54 to 56 respectively. Further an instruction input
section 61, the CCD camera 17, X, Y, Z encoders 62 for
detecting a position of the stage 2 in the X- and Y-axial
directions and a position of the optical unit 3 (objective 13)
in the Z-axial direction, and a memory 63 are connected to
the control unit respectively.

[0103] A lighting control table 64 for each LED and a
synthesized color lighting control table 65 are provided on
the memory 63.

[0104] A plurality of data sets concerning the relations
between the luminous intensity obtained with the optical
system for lighting 31 when each of the LEDs 33R, 33G, and
33B are lit and the impressed current flown to each of the
LEDs 33R, 33G, and 33B are set as references for different
luminous intensities (W10 to W100) in the lighting control
table 64 for each LED as shown in FIG. 5.

[0105] A plurality of data sets concerning current flown to
the LEDs 33R, 33G, and 33B are set in a synthesized
lighting control table 65, as shown in FIG. 6, so that a
mixing ration of lights emitted from the LEDs 33R, 33G,
and 33B is kept constant to obtain synthesized light (syn-
thesized white light) with the red, green, and blue lights as
references for different luminous intensities of the synthe-
sized white lights (W10 to W100).

[0106] The tables 64, 65 can be prepared by the method
shown in FIG. 7.

[0107] A control unit 71 for controlling currents flown to
luminous light sources is connected to the optical system 31
for lighting, and further a sensor 72 such as a color luminous
intensity meter is located at a position for receiving light
from the optical system for lighting 31, and the luminous
intensity measured by the sensor 72 is fetched into a
personal computer (PC) 73. The personal computer 73
fetches a value of a current (a value of the impressed current
to each of the luminous light sources) from the control unit
71, and prepares a table showing relations between the
luminous intensity and a current value. For instance, as
shown in FIG. 8, tables for relations between luminous
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intensity and a current value are prepared for the lighting
systems A, B, and C each having an optical system for
lighting, and currents flown to the luminous light sources are
controlled based on the tables.

[0108] With the configuration as described above, when
light with a plain color such as any of lights with red, green,
and blue lights is used for lighting an object to be measured,
a current flown to any of the LEDs 33R, 33G, and 33B is
controlled by the lighting control table 64 for each discrete
LED shown in FIG. 5. Further when white light synthesized
from red, green, and blue lights is irradiated, the current
flown to each of the LEDs 33R, 33Q and 33B is controlled
by using the synthesized light control table 65 shown in
FIG. 6.

[0109] The light emitted from any of the LEDs 33R, 33G,
and 33B is reflected by the mirror 21 within the housing 11,
and then reflected by the beam splitter 22 and is irradiated
through the objective 13 onto an object to be measured
placed on the stage 2. The light from the measured object
passes through the objective 13 and the beam splitter 22, and
is magnified or reduced according to the magnification of the
lens 23 with the image formed by the CCD camera 17.

[0110] The CPU 51 drives the actuator 14 based on a
contrast value for each pixel image-picked up by the CCD
camera 17 to displace the objective 13 in the direction along
the optical axis L1 for focusing.

[0111] In this state, such parameters as the size and form
of the measured object are measured from the image of the
measured object image-picked up by the CCD camera 17.

[0112] Therefore, with this embodiment, a lighting control
table for each discrete LED 64 stores therein data concern-
ing the relation between the luminous intensity obtained
with the optical system for lighting 31 and a current flown
to each of the LEDs 33R, 33G, and 33B, so that the luminous
intensity of light irradiated to an object to be measured can
be controlled to the preset value by controlling the current
flown to each of the LEDs 33R, 33G; and 33B based on the
data concerning the luminous intensity and the currents
stored in the lighting control table for each discrete LED 64.

[0113] Because of the features as described above, influ-
ence of non-uniformity of intensities of lights emitted from
a plurality of luminous light sources can be suppressed with
the lighting with stable luminous intensity performed, and
further compatibility of the part program between image
processing types of measuring devices is insured. In addi-
tion, even if the LEDs 33R, 33G, and 33B are degraded, the
LEDs 33R, 33G, and 33B can be calibrated by rewriting the
data in the lighting control table for each discrete LED 64 as
well as in the synthesized-color lighting control table 65 by
carrying out the measurement by the method shown in FIG.
7.

[0114] Especially for LEDs ranked (according to the light
intensity and the chromaticity) by manufacturers for selling
on the market, even if LEDs in a low rank are purchased,
lighting with stable luminous intensity can be realized with
a low cost.

[0115] Further the lighting system has LEDs 33R, 33G,
and 33B emitting lights with red, green, and blue color
respectively as the luminous light sources for the optical
system for lighting 31, by selecting any of the LEDs 33R,
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33G, and 33B emitting light with a desired color, or by
synthesizing the lights emitted from these three LEDs 33R,
33G, and 33B, a color of light irradiated to an object to be
measured can freely be changed. Thus, the lighting system
can respond to various types of objects to be measured, and
can fetch accurate images of the measured objects.

[0116] In addition, a plurality of data sets for currents
flown to the LEDs 33R, 33G, and 33B required for keeping
constant a mixing ratio of lights emitted from the LEDs 33R,
33G, and 33B to synthesize white light from the red, green,
and blue lights are stored in the synthesized-color lighting
control table 65 as references for different luminous inten-
sities, and even when the luminous intensity of the synthe-
sized white light is changed, the mixing ratio of lights
emitted from the LEDs 33R, 33G, and 33B is always kept
constant, so that synthesized white light with the same
chromaticity (white) can always be obtained.

[0117] Chromaticity coordinates when the luminous inten-
sity of the optical system for lighting 31 was gradually
changed were measured by changing the currents flown to
the LEDs 33R, 33G, and 33B and also with reference to the
data shown in FIG. 6. A result of the measurement is shown
in FIG. 9. It is understood also from this figure that
non-uniformity of luminous intensities of the luminous light
sources are suppressed with lighting realized at the stable
chromaticity.

[0118] The present invention was described above with
reference to a preferred embodiment thereof, but the present
invention is not limited to this embodiment, and it is
needless to say that various improvements and design
changes can be performed without departing the gist of the
present invention.

[0119] For instance, description of the first embodiment
above assumed a case where the present invention was
applied to the lighting with incident light for irradiating light
to an object to be measured above a position just above the
measured object, but this invention is not limited to this case,
and can be applied to various types of lighting systems such
as translucent lighting system, diagonal incident-light sys-
tem, and ring lighting system.

[0120] For the translucent lighting system, for instance,
the LED unit shown in FIG. 10 may be used. This LED unit
comprises a single LED 33W emitting white light, a mirror
82 for reflecting the light emitted from the LED 33W at a
right angle (upward to the stage 2), a lens 84 located in the
opposite side from the mirror 82, and a housing 85 for
holding the components above.

[0121] In this case, a lighting control table in which data
concerning the relation between a current flown to the LED
33W emitting white light and luminous intensity of the light
emitted then is stored is provided, so that the current flown
to the LED 33W can be controlled by referring to this
lighting control table.

[0122] In the LED unit shown in FIG. 10, a plurality of
LEDs each emitting white light may be used as the luminous
light sources, and also LEDs emitting lights with the three
colors respectively may be used.

[0123] In the first embodiment described above, the LEDs
33R, 33Q and 33B emitting lights with the three colors are
provided as the luminous light sources, and synthesized
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white light is produced by synthesizing the lights emitted
from the LEDs 33R, 33G, and 33B, but light with any color
other than the white color may be produced by changing a
mixing ratio of lights emitted from the LEDs 33R, 33G, and
33B.

[0124] Tt is not always required to prepare the LEDs 33R,
33G, and 33B emitting lights with the three colors, and an
LED emitting light with a specific color or a luminous light
source other than the LED, for instance, a halogen lamp may
be used as the luminous light source.

[0125] Further in the first embodiment described above,
the lighting control table for each discrete LED 64, in which
a plurality of data sets concerning the luminous intensity
obtained with the optical system for lighting 31 when all of
the LEDs 33R, 33G, and 33B are lit and the impressed
currents flown to the LEDs 33R, 33G, and 33B then are
stored as references for different luminous intensities (W10
to W100), is provided for each of the LEDs 33R, 33G, and
33B, or the synthesized-color lighting control table 65, in
which a plurality of data sets concerning the currents flown
to the LEDs 33R, 33G, and 33B so that the mixing ratio of
lights emitted from the LEDs 33R, 33G, and 33B is kept
constant to synthesize light with a synthesized color (syn-
thesized white color) from the red, green, and blue lights are
stored as references for different luminous intensities (W10
to W100) of the synthesized white light is used, but the
relations may be stored as approximate expressions or a
graph.

[0126] In the first embodiment, the optical system for
lighting 31 is connected via an optical fiber or the like to the
light inlet tube 18 in the housing 11, but the optical system
for lighting 31 may be directly fixed to the light inlet tube 18
in the housing 11.

[0127] Further in the first embodiment, the objective 13 is
moved by the actuator 14 in the direction along the optical
axis L1 toward the housing 11, but the entire optical system
for lighting 3 shown in FIG. 2 may be moved by, for
instance, a motor in the direction along the optical axis LL1.

[0128] It is to be noted that the present invention may be
applied, not only to the image processing type of measuring
device based on the structure described in the first embodi-
ment, but also to other types of optical measuring devices
such as a microscope, a projector, and a three-dimensional
image measuring device.

[0129] A second embodiment of the present invention is
described below.

[0130] FIG. 13 shows an image processing type of mea-
suring device 101 as a measuring device having the lighting
system according to the present invention.

[0131] This measuring device 101 comprises a lighting
system 103 for irradiating light to an object to be measured
(not shown) placed on a stage 102, an image pick-up unit
104 for receiving the reflected light from the measured
object, and a image processing unit 105 for measuring a
form of an object to be measured from an image obtained
with the image pick-up unit 104. In FIG. 13, a color
luminous intensity meter 106 for measuring luminous inten-
sity and chromaticity of lighting is placed on the stage 102
in place of an object to be measured.
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[0132] The lighting system 103 comprises an incident-
light lighting system 131 for irradiating light from a position
just above an object to be measured, a ring lighting system
132 for irradiating a ring-formed light beam centering on the
optical axis A connecting the measured object to the image
pick-up unit 104, and a lighting control unit 133.

[0133] The incident-light lighting system 131 comprises a
housing 311, an LED 391 emitting light with red, an LED
392 emitting light with green, and an LED 393 emitting light
with blue as luminous light sources accommodated within
the housing 311, a lens 312 for condensing and synthesizing
lights emitted from the luminous light sources, and a dich-
roic mirror 313 leading the lights emitted from the luminous
light sources to the lens 312 respectively. The dichroic
mirror 313 allows passage or reflects light according to the
wavelength, and efficiently leads the lights from the lumi-
nous light sources to the lens 312 for synthesizing the lights
by selectively allowing passage or reflecting the lights
emitted from the luminous light sources. The synthesized
light from the incident-light lighting system 131 is reflected
by the mirror 314 in the direction along the optical axis A
and then is reflected by a half-mirror 315 provided on the
optical axis A toward an object to be measured.

[0134] There are provided a plurality of LEDs 391 each
emitting light with red, LEDs 392 each emitting light with
green, and LEDs 393 each emitting light with blue respec-
tively, and the term LED indicates a group of LEDs emitting
the same light in the following description.

[0135] The ring lighting system 132 comprises a ring-
formed housing 321 centering on the optical axis A; the LED
391 emitting light with red, LED 392 emitting light with
green, and LED 393 emitting light with blue accommodated
within the housing 321 as luminous light sources; a reflec-
tion mirror 323 for reflecting light emitted from each of the
luminous light sources to an object to be measured, and a
dichroic mirror 324 leading the light emitted from each of
the luminous light sources to the reflection mirror 323. The
LED 391 emitting light with red, LED 392 emitting light
with green, and LED 393 emitting light with blue as
luminous light sources are arranged in a ring form around
the optical axis A. The dichroic mirror 324 reflects light from
each of the luminous light sources to the direction opposite
to the optical axis A. The reflection mirror 323 reflects the
light from the dichroic mirror 324 to an object to be
measured.

[0136] The lighting control unit 133 comprises, as shown
in FIG. 14, an input unit 134 for setting and inputting an
instruction value for instructing luminous intensity of light-
ing, a memory (an instruction value/current value table
storing device) 35 for storing therein an instruction value/
current value table 136 in which data sets concerning the
relations between instruction values and values of impressed
currents to the luminous light source groups 391 to 393 are
stored, a driver 137 for impressing a current to each of the
luminous light sources, and a central processing unit (CPU)
138. Herein the memory 135, driver 137, and CPU 138
forms an impressed current control unit. The input unit 134
comprises levers or buttons or the like which are provided so
that the levers or buttons or the like can manually be
operated from the outside. The instruction value set and
inputted with the inputting unit 134 is sent to the CPU 138.

[0137] The instruction value/current value table 136 is, as
shown in FIG. 15, a table in which values of currents to be
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impressed to each LED group among a group of LEDs 391
each emitting light with red, a group of LEDs 392 each
emitting light with green, and a group of LEDs 393 each
emitting light with blue are stored in correlation to the
instruction values. The instruction value/current value table
136 is prepared by calibrating the luminous intensity char-
acteristics of each of the LED groups 391 to 393, chroma-
ticity characteristics and the individual difference of each
product to compute a value of a current impressed to each of
the group of LEDs 391 each emitting light with red, group
of LEDs 392 each emitting light with green, and group of
LEDs 393 each emitting light with blue for the purpose to
provide white light which is synthesized light with the
luminous intensity instructed by an instruction value. There
is no specific restriction over the chromaticity of the syn-
thesized light, but white synthesized light with the CIE 1931
chromaticity coordinates (0.3, 0.3) is assumed in the fol-
lowing description.

[0138] Preparation of the instruction value/current value
table 136 is described below.

[0139] The CPU 138 reads out, according to an instruction
value instructed from the input unit 134, impressed current
values corresponding to an instruction value instructed from
the instruction value/current value table 136 stored in the
memory 135 for each of the group of LEDs 391 each
emitting light with red, group of LEDs 392 each emitting
light with green, and group of LEDs 393 each emitting light
with blue. The CPU 138 sends the read-out instruction value
to the driver 137.

[0140] The CPU 138 comprises a luminous light source
characteristics measuring device, a mixing ratio computing
unit, luminous intensity computing unit, an impressed cur-
rent reader or the like, and operations of each of the units is
described hereinafter with reference to the flow chart.

[0141] The driver 137 impresses a current to each of the
LED groups 391 to 393 to make the LED emit light, and
comprises a red LED driver 371 for impressing a current to
each of the LEDs 391 emitting light with red, a green LED
driver 372 for impressing a current to each of the LEDs 392
emitting light with green, and a blue LED driver 373 for
impressing a current to each of the LEDs 393 each emitting
light with blue. The driver 137 impresses currents from the
drivers 371 to 373 upon an instruction for the impressed
current value from the CPU 138.

[0142] The image pick-up unit 104 comprises an image
pick-up lens 141 for condensing reflected light from an
object to be measured, and a CCD camera 142 having an
image pick-up element for picking up light from the image
pick-up lens 141.

[0143] Next, the instruction value/current value table pre-
paring step of preparing the instruction value/current value
table 136 is described.

[0144] For preparing the instruction value/current value
table 136, at first a color illuminometer is installed as a
luminous intensity/chromaticity sensor for measuring lumi-
nous intensity and chromaticity of lighting on the stage 102.
The data for luminous intensity and chromaticity of lighting
measured with the color luminous intensity meter 106 is
transmitted to the CPU 138.

[0145] The instruction value/current value table preparing
step for preparing the instruction value/current value table
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136 comprises, as shown in the flow chart shown in FIG. 16,
an instruction value/luminous intensity table preparing step
ST1 of setting luminous intensity of lighting to an instruc-
tion value, an fundamental data preparing step ST2 of
fetching data concerning luminous intensity and chromatic-
ity characteristics of each LED group as fundamental data,
an instruction value/current value table preparing step ST3
of preparing a temporary table for instruction values/current
values indicating a relation between an instruction value
based on the characteristics of each of the LED groups 391
to 393 fetched in the fundamental data preparing step ST2
and the luminous intensity instruction by the instruction
value, a verifying step ST4 of verifying the instruction
value/current value temporary table, and a correcting step
ST7 of correcting the instruction value/current value tem-
porary table based on a result of correction in the verifying
step ST4.

[0146] Each of the steps is programmed, and is executed
when the program runs in the CPU 138.

[0147] The instruction value/luminous intensity table pre-
paring step ST1 is described below.

[0148] The relation between an instruction value (%) and
luminous intensity (L.x) is expressed by a control curb
plotted an instruction value as the horizontal axis and
luminous intensity as the vertical axis in which luminous
intensity is decided to an instruction value as shown in FIG.
17A. The relation may previously be stored in the CPU 138,
or may be set anew with the input device 134. Then
luminous intensity corresponding to an instruction value is
read out from the control curb, and the instruction/luminous
intensity table in which luminous intensity is correlated to
one instruction value is prepared as shown in FIG. 17B.

[0149] The fundamental data preparing step ST2 is
described below.

[0150] The fundamental data preparing step ST2 com-
prises, as shown in the flow chart in FIG. 18, a step ST21
of measuring the relation between impressed current values
and characteristics of the group of LEDs 391 each emitting
light with red; a step ST22 of measuring the relation between
impressed current values and characteristics of the group of
LEDs 392 each emitting light with green; a step ST23 of
measuring the relation between impressed current values
and characteristics of the group of LEDs 393 each emitting
light with blue; a step ST24 of computing an average value
of chromaticity for the LEDs 391 to 393 (average chroma-
ticity computing step); and a step ST25 of computing a
representative mixing ratio (representative mixing ratio
computing step) for producing the so-called synthesized
light, namely synthesized light with the CIE 1931 chroma-
ticity coordinates (0.3, 0.3) according to the average chro-
maticity.

[0151] Now the step ST21 of measuring a relation
between an impressed current value and characteristics of
the group of LEDs 391 each emitting light with red is
described below.

[0152] When checking the characteristics of the group of
LEDs 391 each emitting light with red, the CPU 138 sends
an instruction for sequentially raising the impressed current
from O to the red LED driver 371. Then a current is
impressed sequentially from O from the red LED driver 371
to the group of LEDs 391 each emitting light with red and
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the group of LEDs 391 each emitting light with red emits
light in correspondence to the impressed current value. Then
the color luminous intensity meter 106 measures the lumi-
nous intensity and chromaticity of lighting from the group of
LEDs 391 each emitting light with red. A result of measure-
ment is sent to the CPU 138. The CPU 138 stores therein
data concerning the relation between the luminous intensity
and the chromaticity for the impressed current for the group
of LEDs 391 each emitting light with red. This relation is
stored as a relation between the chromaticity coordinates (X,
y) and the luminous intensity of the group of LEDs 391 each
emitting light with red for the impressed current value as
shown in FIG. 19.

[0153] When measurement for current values in the effec-
tive range (for instance, 65536 in a case of 16-bit control) for
the group of LEDs 391 each emitting light with red, mea-
surement is performed for the group of LEDs 392 each
emitting light with green and for the group of LEDs 393
each emitting light with blue (steps ST22 and ST23), and the
table for relations among the impressed current value, lumi-
nous intensity, and chromaticity as shown in FIG. 19 are
prepared as a result of measurement.

[0154] Tt is to be noted that the luminous light source
characteristics measuring step comprises the steps ST21,
ST22, and ST23.

[0155] Then an average value of the chromaticity is com-
puted for each of the LED groups 391 to 392 (ST24).
Namely, a value obtained by averaging chromaticity values
measured for each impressed current is computed for each of
the LED groups 391 to 393. The average chromaticity values
for each of the LED groups 391 to 393 are shown in the
lowest column in FIG. 19.

[0156] Then a representative mixing ratio is computed
(ST25). The representative mixing ratio is a ratio of lumi-
nescence intensities of the LED groups for synthesizing the
CIE 1931 synthesized color with the chromaticity coordi-
nates (0.3, 0.3), namely the group of LEDs 391 each
emitting light with red, the group of LEDs 392 each emitting
light with green, and the group of LEDs 393 each emitting
light with blue assuming that the luminescence chromaticity
of the LEDs 391 to 393 is the average chromaticity.

[0157] The mixing ratio for synthesizing a synthesized
color (X, y, E) can be computed through the equation for
color synthesis. The theory for color synthesis is described
below.

[0158] Intensity of luminescence is expressed by E. Fur-
ther it is assumed herein that the CIT value for the group of
LEDs 391 each emitting light with red is (X, Y, Eg), the
CIE value for the group of LEDs 392 each emitting light
with green is (X, Yg, Eg), and the CIE value for the group
of LEDs 393 each emitting light with blue is (X5, Yz, Ep).

[0159] The synthesized color produced then is expressed
by the following expression:

B XrTr +x6Tq +x5Tp
Tr+Tc+Ts

(Expression 1)

B Tr+Tc+1Tp
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-continued
E=ypTgr +ycTc +ysTp
E, E E,
wherein Tg = —R, Tc = —G, Tp = il
YR Yc hZ:]

[0160] The Ty, T, and Ty, are obtained from the expres-
sion 1 as shown below:

_ Xye —yp)+ Y(¥p —Xc) +Xc¥B —XBYG (Expression 2)

Tr ) E
xX(yg — yr) + Y(Xg —Xp) + XgYR — XRYB
T = -E
D
X(Yr — ya&) + y(XG = XR) + XRYG — XGYR
Tg = -E
D
wherein D =

Y(XgYR = XGYR + XRYG — XBYG + XGYB — ¥RYB)

[0161] Therefore the intensity of lights emitted from the
LED groups 391 to 393 for synthesizing the synthesized
color (x, y, E) is expressed as shown below:

Ep=yg-Tg = (Expression 3)
x(yg = yp) + Y(xg — Xg) + Xg¥B — X8YG
R* .

E
D

Ec=yc-Tc=

X(yg — YR) + Y(Xg —Xp) + XgYR — XRYB
Yo+ 5 -E

Ep=yp-Tp=

X(Yr — Ya) + Y(XG — XR) + XgYG — XGYR
- .
D

E

wherein D = y(Xgyr — XgYr +

XRYG = XBYG +XGYB — XRYB)

[0162] The mixing ratio (rg, rg, ) for synthesizing the
chromaticity coordinates (X, y) for synthesized lighting is
obtained from a ratio among the intensities E, Eg, and Eg
of lights emitted from the LED groups 391 to 393.

[0163] Then, assuming that the average chromaticity for
the group of LEDs 391 each emitting light with red is
(Xpaves Yrave)s the group of LEDs 392 each emitting light
with green is (Xg,ves Ygave), and the group of LEDs 393
each emitting light with blue is (Xg,.0, Ypave)s the repre-
sentative mixing ratio (I yves LGaves a0d I'n,..) for synthesiz-
ing the synthesized color with the CIE 1931 chromaticity
coordinates (0.3, 0.3, 1) is computed by the CPU 138
through the expression 3.

[0164] Next the instruction value/current value temporary
table step ST3 is described.

[0165] The instruction value/current value temporary table
preparing step (FIG. 16, step 3) comprises, as shown in
FIG. 20, a mixing ratio computing step ST33 of computing
a mixing ratio for producing the synthesized color (0.3, 0.3,
Li), luminous intensity computing step ST34 of computing
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luminous intensity of each of the LED groups 391 to 393
from the mixing ratio computed in the mixing ratio com-
puting step ST33, and a current value read-out step ST35 of
reading out an impressed current value for making each of
the LED groups 391 to 393 emit light at the luminous
intensity computed in the luminous intensity computing step
(impressed current value read-out step).

[0166] In the instruction value/current value temporary
table preparing step ST3, at first the luminous intensity Li
for the instruction i is read out from the instruction value/
luminous intensity table (Refer to FIG. 17B) (ST32). In this
step, at first the counter i for the instruction value i is
initialized to zero (ST31). When the operations from ST32
to ST35 have been executed, the counter i is sequentially
counted up 1 by 1 (ST38), and the operations from ST32 to
ST35 are executed for all of the instruction values 1 (ST36).

[0167] Next, the mixing ratio computing step (ST33) is
described.

[0168] The mixing ratio computing step ST33 comprises,
as shown in FIG. 21, a first temporary mixing ratio setting
step ST331 of setting a temporary mixing ratio of intensities
of lights emitted from the LED groups 391 to 393 as a first
temporary mixing ratio; a temporary luminous intensity
computing step ST332 of computing luminous intensity of
each of the LED groups 391 to 393 required for synthesizing
synthesized light at the preset luminous intensity according
to the first temporary mixing ratio; a chromaticity read-out
step ST333 of reading out chromaticity of light emitted from
each of the LED groups 391 to 393 at the luminous intensity
of each of the LED groups 391 to 393 computed in the
temporary luminous intensity computing step ST332; a
second temporary mixing ratio computing step ST334 of
computing a mixing ratio of intensities of lights emitted
from the LED groups 391 to 393 required for the synthesized
light with the preset chromaticity read out in the chroma-
ticity read-out step ST333 as a second temporary mixing
ratio; a temporary mixing ratio comparing step ST335 of
comparing the first temporary mixing ratio to the second
temporary mixing ratio; and a temporary mixing ratio reset-
ting step ST338 of resetting the the second temporary
mixing ratio as a first temporary mixing ratio based on a
result of comparison in the temporary mixing ratio compar-
ing step ST335.

[0169] In the first temporary mixing ratio setting step
ST331, at first the first temporary mixing ratio (rz;, ts; I'n;)s
which is a ratio of intensities of the lights emitted from the
LED groups 391 to 393, is temporarily set in the represen-
tative mixing ratio (fp,ves fGaves [Rave)-

[0170] In the temporary luminous intensity computing
step ST332, the luminous intensities (Ly;, Lg; Ly;) of the
LED groups 391 to 393 required for producing synthesized
light at the luminous intensity [i according to the first
temporary mixing ratio. In this step, luminous intensity of
each of the LED groups 391 to 393 is computed through the
following expression:

Lyi=rrili

Lgi=raili

Lyg=rgLi (Expression 4)
[0171] In this step, the first temporary mixing ratio is set

in the representative mixing ratio (ST331). The representa-
tive mixing ratio is set as a mixing ratio required for
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synthesizing light with the CIE 1931 chromaticity coordi-
nates (0.3, 0.3) assuming that the chromaticity of each of the
LED groups 391 to 393 is always kept constant regardless of
the intensity of emitted light. Therefore, when each of the
LED groups 391 to 393 is made to emit light at (Ly;, L,
Lg,), the luminous intensity is set to Li, but the actual
chromaticity changes due to difference in the intensity of
emitted light, so that sometimes chromaticity of synthesized
light may be off from the CIE 1931 chromaticity coordinates
(0.3, 0.3).

[0172] In the chromaticity read-out step ST333, the chro-
maticity of light emitted when each of the LED groups 391
to 393 emits lights at the luminous intensity (L, Lo;, Lg))
computed in the temporary luminous intensity computing
step ST332. The chromaticity obtained at the luminous
intensity is read out from the table storing therein data
concerning the relations between impressed current values,
chromaticity, and chromaticity prepared in the fundamental
data preparing step ST2 (See FIG. 19).

[0173] It is assumed herein that the read-out data for the
group of LEDs 391 each emitting light with red, the group
of LEDs 392 each emitting light with green, and the group
of LEDs 393 each emitting light with blue is as follows:

[0174] Chromaticity of light emitted from the group of
LEDs 391 each emitting light with red, R=(Xg;, Yz,)

[0175] Chromaticity of light emitted from the group of
LEDs 392 each emitting light with green, R=(Xg;, Yg))

[0176] Chromaticity of light emitted from the group of
LEDs 393 each emitting light with blue, B=(Xg;, Yg,)-

[0177] When the read-out value for chromaticity is off
from the average chromaticity, the mixing ratio required for
synthesizing light with this chromaticity coordinates (0.3,
0.3) may be off from the first mixing ratio (representative
mixing ratio in this step).

[0178] In the second temporary mixing ratio computing
step ST334, a mixing ratio required for producing synthe-
sized light with the chromaticity read out in the chromaticity
read-out step ST333, namely the light with the CIE 1931
chromaticity coordinates (0.3, 0.3) is computed as a second
temporary mixing ratio (rz;, 'y, e

[0179] The intensities of lights emitted from the LED
groups 391 to 393 required for producing synthesized light
with the chromaticity of (0.3, 0.3), namely Eg, Es, and Eg
are computed through the equation 3. Therefore, the second
temporary mixing ratio (tg;, 'y, I'ny) 18 computed as a ratio
of (Eg, Eg, Ep).

[0180] In the temporary mixing ratio computing step
ST335, the first temporary mixing ratio is compared to the
second temporary mixing ratio. Each component of the first
temporary mixing ratio is compared to each component of
the second temporary mixing ratio.

[0181] In the theory of color synthesis, computing is
performed based on the chromaticity when light emission is
performed according to the first temporary mixing ratio to
compute a second temporary mixing ratio, but actually
chromaticity changes non-linearly in association with
change in luminous intensity, so that, even when synthesized
light is produced according to the second temporary mixing
ratio, the chromaticity may be off from the CIE 1931
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chromaticity coordinates (0.3, 0, 3). To overcome this prob-
lem, in ST338, processing for convergence is performed
repeatedly by resetting the second temporary mixing ratio as
a first temporary mixing ratio, and a degree of convergence
is assessed in the temporary mixing ratio comparing step
ST335.

[0182] In the temporary mixing ratio comparing step
ST335, differences between each component of the first
temporary mixing ratio (ry;, I'g;, I'y;) and the corresponding
one of the second temporary mixing ratio (tg;, gy, gy are
compared to the respective references e. When the difference
between one component and the corresponding one is less
than the preset reference € (ST336, YES), namely when the
relational expression 5 shown below is satisfied, the second
temporary mixing ratio is set as a temporary mixing ratio for
the instruction value i. Herein the reference € is a difference
between the first temporary mixing ratio and the second
temporary mixing ratio in which a change in chromaticity
caused by change in luminous intensity is within the allow-
able range.

|rRi~7ril<€
[roi-rail<e

rri~Tpi|<€ (Expression 5)

[0183] When the relational expression 5 is not satisfied
(ST336: NO), the second temporary mixing ratio is reset as
the first temporary mixing ratio (ST338), and the operations
from ST332 to ST335 is repeated until the difference
between the first temporary mixing ratio and the second
temporary mixing ratio is converged to satisfy the relational
expression 5.

[0184] Then in the luminous intensity computing step
(FIG. 20, ST24), the luminous intensities of lights (Ly;, Lg;,
Ly, emitted the LED groups 391 to 393 required for
synthesized lighting at the luminous intensity L, is computed
according to the temporary mixing ratio. This computing is
performed by using the equation 4.

[0185] In the current value read-out step ST35, impressed
current values required to make each of the LED groups 391
to 393 emit light at the luminous intensity computed in the
luminous intensity computing step ST34 are read out from
FIG. 19, and are stored as those for the LED groups 391 to
393 in response to the instruction value i.

[0186] Operations in ST32 to ST35 are executed for all
instruction values i, namely for all of the counter i in the
effective range (ST36: YES), and current values in response
to the instruction value i for each LED are stored to form the
instruction value/current value temporary table (ST37).

[0187] Then the verifying step is performed to actually
verify the instruction value/current value temporary table
(FIG. 16, ST4). Namely synthesized lighting is provided
according to the instruction value/current value temporary
table, and whether the chromaticity of the lighting is CIE
1931 chromaticity coordinates (0.3, 0.3) or not is verified.

[0188] The verifying step ST4 comprises, as shown in
FIG. 22, a verifying/measuring step ST41 for actually
providing synthesized lighting and measuring the chroma-
ticity; the verifying/comparing step ST42 for comparing the
measured chromaticity to the target chromaticity; and the
chromaticity correction rate storing step ST43 for storing the
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difference between the measured chromaticity as a result of
comparison in the verifying/comparing step ST42 and the
target preset chromaticity.

[0189] In the verifying/measuring step ST41, synthesized
lighting is provided according to the instruction value/
current value temporary table. In this step, there is no
specific restriction over the luminous intensity, and synthe-
sized lighting is provided by selecting an appropriate
instruction value i. Then chromaticity of the provided syn-
thesized lighting (X;, y;) is measured.

[0190] Herein, the instruction value/current value tempo-
rary table is prepared to set the chromaticity of synthesized
lighting to the CIE 1931 chromaticity coordinates (0.3, 0.3)
by means of computing based on the theory for color
synthesis. However, even when the theory for color synthe-
sis is applied by specifying the target chromaticity of syn-
thesized lighting to the CIE 1931 chromaticity coordinates
(0.3, 0.3), there may be a difference between the theoretical
value and the actual chromaticity (Refer to FIG. 23)

[0191] In the verifying/comparing step ST42, the mea-
sured chromaticity and the target chromaticity coordinates
(0.3, 0.3) are compared to each other for each component
with reference to the preset allowance .. When the differ-
ence for a component is less than the preset allowance a
(ST42: YES), namely when the relational expression 6
shown below is satisfied, chromaticity of the synthesized
lighting provided according to the instruction value/current
value temporary table is within the allowable range, and it
is determined that a result of verification is OK (ST45).
Herein the preset allowance o is a color difference not
affecting a result of measurement when an object to be
measured is measured by means of image processing.

[%-0.3|<a
[¥-0.3|<a
[0192] When a result of verification is OK (ST45), the
instruction value/current value temporary table is stored as

a regular instruction value/current value table (instruction
value/current value table storing step, FIG. 16, ST6).

(Expression 6)

[0193] On the other hand, when the relational expression
6 is not satisfied, a chromaticity correction rate for each
component is stored as a chromaticity correction rate
(ST43). Namely the chromaticity correction rate (C,, C,) is
expressed by the following expression:

C,=03-x,
C,=0.3-y,

[0194] The chromaticity correction rate indicates the dif-
ference between a target chromaticity computed by applying
the theory for color synthesis and the chromaticity of
synthesized lighting actually provided, so that it can be
considered that the chromaticity of synthesized lighting
actually provided will match the target value by adjusting
the target chromaticity by the chromaticity correction rate
when computing based on the theory for color synthesis.

(Expression 7)

[0195] After the chromaticity correction rate is stored, the
instruction value/current value temporary table is corrected
(FIG. 16, ST7).

[0196] A sequence of correction of the instruction value/
current value temporary table is shown in the flow chart in
FIG. 24. The correcting step ST7 is, as shown in FIG. 24,
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basically the same as the instruction value/current value
temporary table preparing step ST3, and corresponds to the
operational flow obtained by combining those shown in
FIG. 20 and FIG. 21.

[0197] Inthe correcting step ST7, computing is carried out
to obtain the chromaticity coordinates (0.3+C,, 0.3+C,)
obtained by adding the chromaticity correction rate (C,, C,)
read out just before computing the second temporary mixing
ratio through the theory for color synthesis (ST76) as a target
chromaticity.

[0198] As described above, by previously adding a differ-
ence between a value computed based on the theory for color
synthesis and the actual chromaticity as a chromaticity
correction rate, the chromaticity of the actually produced
synthesized color can be set as the target chromaticity (FIG.
25).

[0199] The corrected instruction value/current value tem-
porary table is again verified (FIG. 16, ST4), and when a
result of verification is acceptable (ST5: YES), it is stored in
the regular instruction value/current value table 136 (ST6).

[0200] Tt is to be noted that the chromaticity can be kept
constant without carrying out the steps ST4, ST5, and ST7.
Namely, the difference dissolved by carrying out the opera-
tions in these steps is very small, and therefore the steps
ST4, ST5, ST7 may be omitted according to a required
accuracy level of a lighting system.

[0201] Next, use and operations of the image processing
type of measuring device 101 are described below.

[0202] When measuring an object to be measured with the
image processing type of measuring device 101, at first an
object to be measured is placed on the stage 102. Then, an
instruction value for instructing luminous intensity of the
lighting system 3 is entered with an input unit 134 (input
step). Then the CPU 138 reads out an impressed current
value to each of the LED groups 391 to 393 in correlation
to the entered instruction value from the instruction value/
current value table 136, and sends the impressed current
values to the driver 137. When a current is impressed from
the driver 137 to each of the LED groups 391 to 393, lights
are irradiated from the incident-light lighting system 131
and the ring lighting system 132 and synthesized white
lighting is irradiated to the measured object at the instructed
luminous intensity (light emission step). The reflected light
from the measured object is picked up by the image pick-up
unit 104, and the form of the measured object is measured
by processing the image picked up by the image processing
unit 105. A result of computing with the image processing
unit 105 is displayed on a display unit such as a CRT, or is
outputted from an output device such as a printer.

[0203] With the configuration as described above, the
following effects are provided.

[0204] (1) Characteristics of each of the LED groups 391
to 393 is checked in the fundamental data preparing step
ST2, and an impressed current value for generating a syn-
thesized white color at the luminous intensity instructed by
an instruction value based on the characteristics is com-
puted. Therefore, even if an LED has the individual differ-
ence, white light can be irradiated to an object to be
measured at the instructed luminous intensity. As a result, an
image of the measured object can accurately be picked up.
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Further an image can be obtained irrespective of a color or
colors of the measured object.

[0205] (2) In the mixing ratio computing step ST33, the
second temporary mixing ratio for generating a preset chro-
maticity computed by applying the theory for color synthesis
is compared to the first mixing ratio taking into consider-
ations the fact that the chromaticity changes in association
with change in luminous intensity, and this comparing
operation is repeated until the difference between the first
and second mixing ratios is converged into an allowable
range. As described above, a mixing ratio for synthesizing
lighting with a preset chromaticity can accurately be
obtained.

[0206] (3) An average chromaticity for each of the LED
groups 391 to 393 is computed, and a representative mixing
ratio for generating a synthesized color with the preset
chromaticity is computed based on this average chromatic-
ity. Then computing in the mixing ratio computing step is
executed based on this representative mixing ratio. As a
result, it is possible to reduce the times of repetition of
computing in the mixing ratio computing step ST33, which
in turn makes it possible to compute a mixing ratio quickly.

[0207] (4) In the verifying step ST4, the instruction value/
current value temporary table obtained by applying the
theory for color synthesis is verified. In this step, if the
chromaticity of synthesized lighting actually provided is off
from the preset chromaticity, the difference is used as the
chromaticity correction rate. Then a target value in the
theory for color synthesis is displaced by the chromaticity
correction value to compute a mixing ratio for correction.
With this configuration, synthesized lighting with chroma-
ticity accurately adjusted to the preset value can be provided
by correcting the difference between the theoretical value
and the actual value.

[0208] (5) An impressed current value to an instruction
value is prepared in the instruction value/current value table
136, and when an instruction value is entered from the input
unit 134, a response to the change in the instruction can
quickly be performed only by reading the value from this
instruction value/current value table 136.

[0209] Tt should be noted that the present invention is not
limited to the second embodiment described above, and it is
needless to say that various changes can be made without
departing from the gist of the present invention.

[0210] The case in which impressed current values are
previously computed for all of the instruction values and
stored in the instruction value/current value table 136 was
described above, but the table is not always required, and the
operations for computing a mixing ratio, computing lumi-
nous intensity, and reading out an impressed current value or
other required operations may sequentially be performed
after an instruction value is instructed.

[0211] The case in which the verifying step ST4 is per-
formed after the instruction value/current value table 136 is
prepared was described above, but the configuration is
allowable in which verification is performed immediately
after an impressed current value to an instruction value is
obtained, a chromaticity correction rate is computed, and the
instruction value/current value table 136 is prepared accord-
ing to the chromaticity correction value. Further, in a case
where chromaticity correction rates for the lighting systems
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131, 132 are previously known, the instruction value/current
value table 136 may be prepared by reflecting the chroma-
ticity correction rates and applying the theory for color
synthesis.

[0212] In the above description, the CIE 1931 chromatic-
ity coordinates (0.3, 0.3) were employed as preset chroma-
ticity, but it is needless to say that any chromaticity may be
set as a target preset value. If average chromaticity is
prepared for each of the LED groups 391 to 393, and further
if the instruction value/current value table 136 is prepared
for lighting at the average chromaticity, synthesized light
with various chromaticity can be generated at the instructed
luminous intensity.

[0213] Further the luminous light source is not limited to
an LED, and also LEDs emitting lights with yellow, purple
or other colors may be provided in addition to those emitting
lights with red, green, and blue colors. It is needless to say
that, even if types of colors of lights emitted from the
luminous light sources are many, a synthesized color with
the present chromaticity can be synthesized at the instructed
luminous intensity.

What is claimed is:

1. A lighting system control method of controlling a
lighting system comprising a plurality of luminescent light
sources emitting lights with different colors respectively, an
impressed current control mean for controlling impressed
currents to said plurality of luminescent light sources, and an
input device for inputting instruction values to instruct the
luminous intensity for the purpose to generate synthesized
lighting with the luminous intensity and preset chromaticity
instructed by the instruction values by synthesizing lights
emitted from the luminescent light sources, said method
comprising:

a light source characteristics measuring step of measuring
the luminous intensity and chromaticity in relation to a
value of the current impressed to each of said plurality
of luminescent light sources;

a mixing ratio computing step of computing a ratio of
intensities of lights emitted from said plurality of
luminescent light sources required for synthesizing
synthesized lighting with the luminous intensity
instructed by said instruction values and the preset
chromaticity with the theoretical equation for comput-
ing a mixing ratio of intensities of the lights required
for synthesizing a synthesized color with the preset
chromaticity from a plurality of lights each with the
different chromaticity in response to changes in the
chromaticity corresponding to changes in luminous
intensities of said luminescent light sources measured
in said light source characteristics measuring step;

a luminous intensity computing step of computing the
luminous intensities of said plurality of luminescent
light sources for generating the luminous intensity
instructed by the instructed value from said mixing
ration computed in said mixing ratio computing step;
and

an impressed current value read-out step of reading said
impressed current values required to make said plural-
ity of luminescent light sources emit lights with the
luminous intensities computed in said intensity com-
puting step from the characteristics of said plurality of
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luminescent light sources obtained in said luminescent
light source characteristics measuring step.
2. The lighting system control method according to claim
1, wherein said mixing ratio computing step comprises:

a first temporary mixing ratio setting step for initially
setting a first temporary mixing ratio based on preset
percentages as said mixing ratio;

a temporary luminous intensity computing step of com-
puting each luminous intensity of each of the lumines-
cent light source required for generating the luminous
intensity instructed by said instruction value based on
said first temporary mixing ratio;

a chromaticity read-out step of reading the chromaticity of
light emitted from each of said luminescent light
sources at the luminous intensity of each of said
luminescent light source computed in said temporary
luminous intensity computing step from a result of
measurement in said light source characteristics mea-
suring step;

a second temporary mixing ratio setting step of comput-
ing, based on said theoretical equation, a mixing ratio
of intensities of lights emitted from said luminescent
light sources required to generate the preset chroma-
ticity for synthesized lighting at the chromaticity read-
out in said chromaticity read-out step as a second
temporary mixing ratio;

a temporary mixing ratio comparing step of comparing
said first temporary mixing ratio to said second tem-
porary mixing ratio; and

a temporary mixing ratio resetting step of resetting said
second temporary mixing ratio as said first temporary
mixing ratio anew based on a result of comparison in
said temporary mixing ratio comparing step.

3. The lighting system control method according to claim

2 further comprising:

an average chromaticity computing step of computing an
average value for the chromaticity of lights emitted
from said luminescent light sources, said step per-
formed after said light source characteristics measuring
step; and

a representative mixing ratio computing step of comput-
ing a mixing ratio of lights emitted from said lumines-
cent light sources required for generating the preset
chromaticity of said synthesized lighting based on the
average chromaticity computed in said average chro-
maticity computing step and through said theoretical
equation as a representative mixing ratio, wherein said
first mixing ratio in said first temporary mixing ratio
setting step is said representative mixing ratio.

4. The lighting system control method according to claim

1 further comprising:

a verifying step of actually verifying said impressed
current value read out in said impressed current value
read-out step; and

a correcting step of correcting said impressed current
value based on a result of verification in said verifying
step, wherein said verifying step comprises:

a verifying/measuring step for impressing an impressed
current to each of said luminescent light sources

16

Jun. 22, 2006

according to said impressed current value read out in
said impressed current value read-out step and measur-
ing the chromaticity of synthesized lighting lit then;

a verifying/comparing step of comparing the chromaticity
measured in said verifying/measuring step to the target
preset chromaticity;

a chromaticity correction rate storing step of storing the
difference between the chromaticity measured based on
a result of comparison in said verifying/comparing step
and the target preset chromaticity as a chromaticity
correction rate; and further wherein

said correcting section comprises:

a step of computing said mixing ratio by displacing the
target preset chromaticity according to said chromatic-
ity correction rate when computing said mixing ratio
through said theoretical equation in said mixing ratio
computing step.

5. The lighting system control method according to claim

1 further comprising:

an instruction value/current value table storing step of
storing said impressed current value and said instruc-
tion value in a form of a table with said impressed
current and said instruction value correlated to each
other.

6. The lighting system control unit according to claim 1,
wherein said luminescent light source comprises LEDs.

7. A lighting system control program used in a computer
incorporated in a lighting system having a plurality of
luminescent light sources each emitting light with a different
color, an impressed current control unit for generating
synthesized lighting with the preset luminous intensity and
chromaticity by synthesizing lights from said luminescent
light sources by means of controlling an impressed current
to each of said luminescent light sources, and an input
device for inputting an instruction value for instructing
luminous intensity of lighting, said lighting system control
program making the computer execute:

a light source characteristics measuring step of measuring
luminous intensity and chromaticity in correlation to
said impressed current value for each of said lumines-
cent light sources;

a mixing ratio computing step of computing a mixing
ratio of intensities of lights emitted from said lumines-
cent light sources required for synthesizing synthesized
lighting with the preset chromaticity at the luminous
intensity instructed by said instruction value through
the theoretic equation for computing changes in chro-
maticity in response to changes in luminous intensity of
each of said luminescent light sources measured in said
light source characteristics measuring step and a mix-
ing ratio of intensities of lights with different colors
required for synthesizing a synthesized color at the
preset chromaticity from colors each at different chro-
maticity;

a luminous intensity computing step of computing lumi-
nous intensity of each of said luminescent light sources
required for generating the Iluminous intensity
instructed by said instruction value from said mixing
ratio computed in said mixing ratio computing step;
and
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an impressed current value read-out step of reading said
impressed current value required for making each of
said luminescent light sources at the luminous intensity
computed in said luminous intensity computing step
from the characteristics of said luminescent light
sources obtained in said light source characteristics
measuring step.

8. A computer-readable recording medium with the light-
ing system control program according to claim 7 recorded
therein.

9. A lighting system comprising luminescent light sources
each for emitting light with a different color, an impressed
current control unit for controlling an impressed current to
said luminescent light sources, and an input device for
inputting an instruction value for instructing luminous inten-
sity of lighting, said lighting system generating synthesized
lighting with the preset luminous intensity and chromaticity
by synthesizing lights emitted from said luminescent light
sources, wherein said impressed current control unit com-
prises:

a light source characteristics measuring device for mea-
suring and storing data concerning luminous intensity
and chromaticity in response to said impressed current
value for each of said luminescent light sources;

a mixing ratio computing device for computing a mixing
ratio of intensities of lights emitted from said lumines-
cent light sources required for synthesizing synthesized
lighting with the preset chromaticity at the luminous
intensity instructed by said instruction value through
the theoretical equation for computing changes in chro-
maticity in response to changes in luminous intensities
of said luminescent light sources measured in said light
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source characteristics measuring device and a mixing
ratio of intensities of lights with different colors
required for synthesizing a synthesized color with the
preset chromaticity from a plurality of colors each with
different chromaticity;

a luminous intensity computing device for computing
luminous intensity of each of said luminescent light
sources for generating the luminous intensity instructed
by said instruction value from said mixing ratio com-
puted by said mixing ratio computing device;

an impressed current reader for reading said impressed
current value for making each of said luminescent light
sources emit light with the luminous intensity com-
puted by said luminous intensity computing device;
and

an instruction value/current value table storing unit for
storing an instruction value/current value table in which
said impressed current value read by said impressed
current reader is correlated to said instruction value.
10. A measuring device comprising:

the lighting system for irradiating light to an object to be
measured according to claim 9;

a light-receiving sensor for receiving reflected light from
the measured light; and

an image processing unit for obtaining the form of said
measured objected from the image received by said
light-receiving sensor by means of image processing.



